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Description 

FIELD OF THE INVENTION 

The present invention relates to the field of medi- s 
cine, especially gene therapy. Especially, the present 
invention relates to a preparation containing a gene. 
The preparation retains a gene vector or a gene stably, 
releases it gradually and maintains the therapeutic 
effect for a long time when administered into a living 10 
body. The preparation makes it possible to stop a treat- 
ment at favorable period. 

BACKGROUND OF THE INVENTION 

15 

Gene therapy is an active area of research, and 
expectation for successful therapy is extremely high. In 
gene therapy approaches in which the gene per se is 
the medicine, the therapy for disease is conducted by 
transferring a gene of a designated enzyme, cytokine, 20 
and the like into cells of a patient. The introduced gene 
then produces the designated substance in the patient's 
body. This gene therapy can be divided to two types. 
The purpose of the first type is semipermanent expres- 
sion of designated gene by integrating the gene into 25 
genome of a patient. The purpose of another type is 
transient expression of a gene without expectation of its 
integration into genome. In the latter type of gene ther- 
apy, a method using adenovirus and the like is often 
adopted as a method for transferring into the patient a 30 
gene encoding, for example, a cytokine which increases 
immuno-potency against cancer cells (Cardiovascular 
Research, 28, 445 (1994); Science, 256, 808 (1992); 
Gastroenterology, 106, 1076 (1994); TIBTECH, 11, 182 
(1993); J. Biol. Chem., 266, 3361 (1991); Nature Medi- 35 
cine, 1, 583, (1995); and references cited therein). 

In the case of using a virus vector, though the effi- 
ciency of gene transfer is generally high, repeated 
administrations are difficult due to immune responses 
(J. Biol. Chem., 269, 13695 (1994), Am. J. Respir. Cell 40 
Mol., 10, 369(1994)). 

A preparation using collagen for gradually releasing 
medicines containing organic compounds or a protein 
preparation is disclosed in J. Controlled Release 33, 
307-315 (1995), etc. However, the disclosed and usual 45 
medicine (for example, protein drug, medicine chemi- 
cally synthesized, etc. ) is dissolved in approximately 1- 
2 days when retained in, for example, collagen gel. 

In a method which is presently used in gene ther- 
apy and comprises administering a gene vector (a so 
gene-inserted vector) or a gene directly, the gene vector 
or the gene contacts cells immediately after administra- 
tion, and immediately after that gene transfer starts and 
is completed at once. Furthermore, the gene trans- 
duced into cells is diluted (that is, its copy number 55 
decreases) with cell division or is reduced by degrada- 
tion in cells. Therefore, expression of the transferred 
gene can be maintained only for several weeks which is 



too short to practice sufficient treatment and this is a 
deficiency in the method. Accordingly, repeated admin- 
istrations of a gene vector or a gene are necessary. 
Therefore, an object of the present invention is to over- 
come these defects and provide a preparation which 
can release a gene vector or a gene gradually and can 
maintain the therapeutic effect for a long time. 

Furthermore, a method enabling repeated adminis- 
trations is expected because those are difficult in gene 
therapy using a virus vector and the like. Accordingly, a 
second object of the present invention is to provide a 
gene preparation enabling repeated administrations in 
gene therapy using a virus vector and the like. 

Furthermore, it is desirable that gene expression in 
the body can be stopped any time to ensure safety, 
because a gene is expressed for several weeks which is 
longer than the term for a protein preparation. Accord- 
ingly, a third object of the present invention is to provide 
a gene preparation which can make it possible to 
quickly stop the gene transfer when termination of treat- 
ment is intended. 

SUMMARY OF THE INVENTION 

The present inventors have examined various prep- 
arations for gradually releasing a gene vector or a gene 
and have found that, when a preparation wherein a 
gene or a vector inserted with a gene is incorporated 
into a carrier made of a biocompatible material was 
administered into a living body, the gene was unexpect- 
edly expressed for many months. The present inventors 
have also found that the preparation can be adminis- 
tered repeatedly into a living body and thus the present 
invention has been accomplished. 

Therefore, the characteristic features of the present 
invention are as follows. 

(1) A gene preparation comprising a gene, wherein 
said gene or a vector inserted with said gene is 
incorporated into a carrier made of a biocompatible 
material. 

(2) The gene preparation according to (1), wherein 
said biocompatible material is selected from the 
group consisting of collagen, gelatin, fibrin, albu- 
min, hyaluronic acid, heparin, chondroitin sulfate, 
chitin, chitosan, alginic acid, pectin, agarose, 
hydroxyapatite, polypropylene, polyethylene, poly- 
dimethylsiloxane, polymer or copolymer of glycolic 
acid, lactic acid or amino acid, and a mixture of at 
least two of these biocompatible materials. 

(3) A gene preparation comprising a gene, wherein 
said gene or a vector inserted with said gene is 
incorporated into a carrier made of a biocompatible 
material containing collagen. 

(4) A gene preparation comprising a gene, wherein 
said gene or a vector inserted with said gene is 
incorporated into a carrier made of collagen. 

(5) The gene preparation according to (1), wherein 
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the content of said biocompatible material in said 
gene preparation is 0.01-30 w/w% when adminis- 
tered into a living body. 

(6) The gene preparation according to (1), which is 

in a form of a solution, suspension, water-contain- s 
ing gel, film, sponge, rod or sphere. 

(7) The gene preparation according to (1), wherein 
said vector is selected from the group consisting of 
a virus vector, a liposome vector and a fusogenic 
liposome vector in which a virus and a liposome are 10 
fused. 

(8) The gene preparation according to (1), wherein 
said vector is a virus vector. 

(9) The gene preparation according to (1), wherein 
said vector is an adenovirus vector. 15 

(10) A gene preparation comprising a gene, 
wherein said gene or a vector inserted with said 
gene is incorporated into a carrier made of a bio- 
compatible material and said carrier is contained in 

a vessel through which said gene vector or said 20 
gene can penetrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing a time course of the 25 
number of platelets in Test Example 1 and Comparative 
Example 1. 

Figure 2 is a graph showing a time course of HST-1 
in peripheral blood in Test Example 1 and Comparative 
Example 1. so 

Figure 3 is a graph showing a time course of the 
number of platelets in Test Example 4 and Comparative 
Example 1. 

Figure 4 is a graph showing a time course of the 
number of platelets in Test Example 5. 35 

Figure 5 is a graph showing dose-dependency of 
collagen on the amount of HST-1 in peripheral blood in 
Test Example 6. 

Figure 6 is a graph showing a time course of the 
number of platelets in Test Example 7 and Comparative 40 
Example 2. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be described below in 45 
more detail. 

"A vector for gene insertion" may be any vector that 
can transfer a gene into cells and includes, for example, 
a virus vector, a liposome vector, a fusogenic liposome 
vector in which a virus and a liposome are fused, or the so 
like (Cardiovascular Research, 28, 445 (1994); Science, 
256 . 808 (1992); Gastroenterology, 106, 1076 (1994); 
TIBTECH, H 182 (1993); J. Biol. Chem., 266, 3361 
(1991); Nature Medicine, 1, 583, (1995); and references 
cited therein). 55 

A virus vector may be any vector that can be used 
as an ordinary vector in gene therapy and includes, for 
example, an adenovirus, an adeno-associated virus, a 



vaccinia virus, a retrovirus, an HIV virus, a herpesvirus, 
or the like. The gene vector can be obtained by inserting 
a gene for transfer into a virus vector directly according 
to a conventional method, for example, described in the 
above references. 

A liposome vector may be any vector that can be 
used as an ordinary liposome vector in gene therapy 
and includes, for example, a liposome vector obtained 
by mixing DOTMA, DOPE, DOGS, etc. When a cationic 
liposome vector is used, transfer efficiency into cells is 
high. Examples of the fusogenic liposome vector in 
which a virus and a liposome are fused include a 
fusogenic liposome vector in which a Sendai virus (HVJ: 
hemagglutinating virus of Japan) and a liposome are 
fused, and the like. A gene vector can be obtained by 
enclosing a gene for transfer into a liposome vector or a 
fusogenic liposome vector according to a conventional 
method, for example, described in the above refer- 
ences. The enclosed gene may be in any form that can 
express the gene in living body and is preferably a form 
stable in a living body such as a plasmid, etc. 

A gene itself can be retained in a gene preparation 
of the present invention without being inserted into "a 
vector for gene insertion" which transfers a gene into 
cells. In this case, a form of a gene may be any form that 
can express the gene in living body. For example, a 
gene may be inserted into what is called an expression 
vector and the like. A form of a gene is preferably a form 
stable in a living body such as a plasmid, etc. 

"A gene" for transfer may be any gene that can be 
used in gene therapy and includes, for example, an ade- 
nosine deaminase gene, a GM-CSF gene, a thymidine 
kinase gene, or the like. 

"Biocompatible material" is preferably the material 
which has high biocompatibility and can ratain a gene 
vector or a gene stably in living body. Examples of the 
biocompatible material include collagen, gelatin, fibrin, 
albumin, hyaluronic acid, heparin, chondroitin sulfate, 
chitin, chitosan, alginic acid, pectin, agarose, hydroxya- 
patite, polypropylene, polyethylene, polydimethylsi- 
loxane, polymer or copolymer of glycolic acid, lactic acid 
or amino acid, a mixture of two or more kinds of the bio- 
compatible materials above, and the like. A particularly 
preferred biocompatible material is collagen. It is also 
preferred to mix collagen with other biocompatible 
material described in the above. Collagen may be any 
collagen and includes, for example, collagen soluble in 
acid, collagen solubilized by enzyme (for example, atel- 
ocollagen, etc.), collagen solubilized by alkali, collagen 
having modified amino acid side chains, bridged colla- 
gen, collagen produced by genetic engineering, or the 
like. Collagen having modified amino acid side chains 
includes, for example, succinyl or methyl collagen, or 
the like. Bridged collagen includes, for example, colla- 
gen treated with glutaraldehyde, hexamethylenediiso- 
cianate or polyepoxy compound, or the like (Fragrance 
J., 1989-12, 104-109, Japanese Patent KOKOKU 
(examined) No.7 (1995)-59522)). 
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"An additive" may be added to a preparation of the 
present invention according to necessity in order to sta- 
bilize a gene vector and the like, accelerate gene trans- 
fer into cells or nuclei or regulate the release of a gene 
vector and the like. An additive may be any additive that 5 
can achieve the purpose and includes, for example, 
sucrose, glycine, chondroitin sulfate, gelatin, albumin, 
cytokine, a mixture of the High Mobility Group Proteins 
HGM-1 and HGM-2 (High Mobility Group-1,-2 Mixture; 
Experimental Medicine, 12, 184 (1994), BIOTHERAPY, 10 
8, 1265 (1994)), chloroquine, polylysine (Hepatology, 
22, 847 (1995)), Transfectam (Trademark, Wako Pure 
Chemical Industries, Ltd.), or the like. 

In the case wherein collagen is mixed with another 
biocompatible material or an additive, the content of col- 15 
lagen may be at least 10 w/w%, preferably at least 30 
w/w% more preferably at least 50 w/w%, and most pref- 
erably at least 70 w/w%. 

The content of biocompatible material in the gene 
preparation is varied depending on size, kind and the 20 
like of the gene vector or the gene and kind and the like 
of the biocompatible material. 

A preferred content of biocompatible material in a 
gene preparation is 0.01-30 w/w% under the condition 
that the gene preparation is in a living body, more pref- 25 
erably 0.05-10 w/w%, and most preferably 0.05-5 
w/w%. 

Furthermore, the content of biocompatible material 
in the gene preparation is varied depending on the par- 
ticular preparation. For example, in the case wherein 30 
collagen is used as the biocompatible material, the pre- 
ferred range of the content will be described below. 

When the preparation is in gel form, a preferred 
content of collagen is 0.01-25 w/w%, more preferably 
0.05-10 w/w%, most preferably 0.05-5 w/w%. However, 35 
when the content of collagen is 2 % or more, it is pre- 
ferred that an additive is added at 5-900 w/w% of colla- 
gen. 

When the preparation is in film form, a preferred 
content of collagen is 0.2-30 w/w% as a content before 40 
drying, more preferably 0.3-5 w/w%, most preferably 
0.4-2 w/w%. However, when a content of collagen is 1 
% or more, it is preferred that an additive is added at 5- 
900 w/w% of collagen. 

When the preparation is in a solid rod form, the pre- 45 
ferred content of collagen is 10-30 w/w% and it is pre- 
ferred that an additive is added at 5-100 w/w% of 
collagen. 

A gene preparation of the present invention is not 
limited to a specific form. The preparation can be in so 
solution, suspension, water-containing gel, film or 
sponge. Solid forms can be shaped as a rod, sphere 
and the like. However, a preferred form is generally a 
solution, suspension or water-containing gel, though the 
form of the preparation is varied depending on kind, size 55 
and the like of a vector for gene insertion. 

A gene preparation is obtained by keeping a con- 
tent of biocompatible material in the gene preparation 



within the above preferred range under the condition 
that the gene preparation is in a living body. 

Examples of methods for producing a gene prepa- 
ration in a form of solution, suspension or water-con- 
taining gel include (1) a method which comprises mixing 
a powder, solution, suspension or gel of a gene vector 
or a gene (referred to as a gene vector and the like 
below) with a carrier in a form of a solution or gel to 
which an additive is added according to necessity, (2) a 
method which comprises making a solution, suspension 
or gel of a gene vector and the like penetrate into a car- 
rier that is in powder form to which an additive is added 
according to necessity, or (3) a method which com- 
prises making a solution, suspension or gel of a gene 
vector and the like penetrate into a carrier that is a 
sponge to which an additive is added according to 
necessity and kneading them together. The methods for 
making a gene preparation of the present invention are 
not limited to such methods. 

Examples of methods for producing a gene prepa- 
ration in a solid form include (1) a method which com- 
prises mixing a powder, solution, suspension or gel of a 
gene vector and the like with a carrier in a form of solu- 
tion or gel to which an additive is added according to 
necessity and drying the mixture, (2) a method which 
comprises mixing a powder, solution, suspension or gel 
of a gene vector and the like with a carrier in powder 
form to which an additive is added according to neces- 
sity and drying the mixture, (3) a method which com- 
prises making a solution, suspension or gel of a gene 
vector and the like penetrate into a carrier in the form of 
a sponge to which an additive is added according to 
necessity and drying the sponge, (4) a method which 
comprises making a solution, suspension or gel of a 
gene vector and the like penetrate into a carrier in the 
form of a sponge to which an additive is added accord- 
ing to necessity and drying the sponge as it stands or 
kneading and drying the sponge after adding water and 
the like according to necessity, (5) a method which com- 
prises crushing and press-molding a solid product 
obtained by a method according to (1) to (4), or (6) a 
method which comprises mixing a powder of a gene 
vector and the like with a carrier that is a powder to 
which an additive is added according to necessity and 
press-molding the mixture. The present invention is not 
limited to such methods. The drying method; tempera- 
ture and moisture at drying; mixing method; tempera- 
ture and moisture at mixing; method for press-molding; 
temperature, moisture and compressing pressure at 
press-molding; solution velocity of carrier solution and 
gene vector solution; and solution velocity of mixture of 
carrier and gene vector solution; and pH may be as 
same as those in conventional methods. 

A gene preparation of the present invention can be 
administered by various methods according to the dis- 
ease being treated, the targeted organ and the like. For 
example, a gene preparation of the present invention 
can be administered subcutaneouly or intramuscularly, 
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or can be administered directly to targeted sites of dis- 
ease such as kidney, liver, lung, brain and the like. 
Direct administration to disease site enables organ- 
selective therapy. 

According to the present invention, when a biode- 5 
gradable material is used as the biocompatible material, 
it is not necessary to take the biocompatible material out 
of the body after administration. Furthermore, repeated 
administrations are possible. 

On the other hand, when discontinuance of gene 10 
transfer is required depending on the kind or condition 
of a disease, a gene preparation can be taken out as it 
stands, and gene transfer can be stopped. For example, 
if a gene preparation is a solid, it can be taken away by 
surgery or the like. When gene therapy is conducted by is 
using a gene preparation wherein a gene vector and the 
like is retained in a vessel or the like having pores 
through which a virus can pass freely, the vessel or the 
like can be taken away at termination of the treatment. 
For example, gene therapy can be conducted by using a 20 
vessel (tube) as described in Japanese patent applica- 
tion No. 3(1991)-120115 (International publication 
number WO92/20400). 

A gene preparation of the present invention can 
gradually release a gene vector and the like and simul- 25 
taneously can retain a gene-inserted vector and the like 
stably in a living body during the sustained release. 
Therefore, the time of effective gene expression after a 
single administration can be extended by controlling the 
period of gene transfer into cells by delaying contact 30 
between cells and vectors. 

A gene preparation of the present invention also 
enables repeated administrations of a gene vector such 
as a virus vector and the like which is otherwise difficult 
to administer repeatedly due to appearance of neutraliz- 35 
ing antibodies in a subject. 

Furthermore, a gene preparation of the present 
invention enables regulation of gene expression 
because the gene preparation can be taken away when 
termination of treatment is intended. 40 

Examples 

Example 1 

45 

A gene preparation was prepared by mixing 0.9 ml 
of culture medium containing 10 9 pfu (plaque forming 
unit) of an adenovirus (Adexl HST-1; Proc. Natl. Acad. 
Sci. USA, Vol. 91, 12368 (1994)) inserted with a gene 
encoding fibroblast cell growth factor HST-1 (FGF4) 50 
(prepared according to the method described in Proc. 
Natl. Acad. Sci. USA, 84, 2980-2984 (1987)) with 0.1 ml 
of neutral solution of atelocollagen (atelocollagen 
implant produced by KOKEN: 2% atelocollagen solu- 
tion). The above adenovirus (Adexl HST-1) can be 55 
obtained by deleting part of E1 A, E1 B and E3 of adeno- 
virus type 5 (ATCC catalog No. VR-5) according to a 
method described in J. Virol., 54, 711-719 (1985) or 



Proc. Natl. Acad. Sci. USA, 93, 1320 (1996) and Cell, 
13, 181-188 (1978); inserting a gene of fibroblast cell 
growth factor HST-1 into the non-proliferative-type ade- 
novirus gene. 

Example 2 

A gene preparation in gel form is prepared by mix- 
ing 0.1 ml of 2% atelocollagen neutral solution with 0.9 
ml of culture medium containing 10 9 pfu of Adexl HST- 
1 and then keeping the mixture at 37 °C. 

Example 3 

A gene preparation is prepared by obtaining a 
sponge by lyophilizing atelocollagen neutral solution; 
cutting the sponge about 5 mm of square; adding the 
cut sponge to 1 ml of culture medium containing 10 9 pfu 
of Adexl HST-1 ; and letting the sponge stand overnight. 

Example 4 

A gene preparation is prepared by lyophilizing a 
gene preparation in gel form that is prepared in Exam- 
ple 2 

Example 5 

A gene preparation in pellet form (a compressed 
product in the shape of a rod) is prepared by again 
lyophilizing the gene preparation that is obtained in 
Example 3 and compressing the lyophilized sponge into 
a rod shape. 

Example 6 

A gene preparation is prepared by mixing a plasmid 
vector which is obtained by inserting fibroblast cell 
growth factor HST-1 (FGF4) into an expression vector 
(pRc/CMV) having a cytomegalovirus (CMV) promoter 
with a liposome (DMRIE-C (produced by GIBCO-BRL)) 
and then mixing a solution containing the liposome with 
the same volume of atelocollagen neutral solution. 

Example 7 

A gene preparation in bead form is prepared by 
mixing 1 ml of culture medium containing 10 9 pfu of 
Adexl HST-1 with 1 ml of 1% alginic acid solution; add- 
ing the alginic acid solution containing the vector drop 
by drop to 0.5% calcium chloride solution through a noz- 
zle to obtain beads of 1 mm diameter; and collecting the 
beads by centrifugation. 

Example 8 

A gene preparation in bead form is prepared by 
mixing 1 ml of culture medium which contains 10 9 pfu of 
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Adexl HST-1 with 1 ml of 5% agarose gel solution 
warmed to 45 °C; adding the mixed solution drop by 
drop to a phosphate buffered saline solution at 10 °C 
through a nozzle to obtain beads of 1 mm diameter; and 
collecting the beads by centrifugation. 

Example 9 

A gene preparation is prepared by enclosing the 
gene preparation which was obtained in Example 1 in a 
bag made of polyester (made from artificial blood ves- 
sel) (Micron (trademark, produced by INTERVASCU- 
LAR). 

Example 10 

As same as Example 1 , 1 ml of a gene preparation 
was prepared by mixing culture medium containing 10 9 
pfu of Adexl HST-1 with atelocollagen neutral solution 
so as to come to be 0. 1 , 0.2, 0.4, 1 .0 or 2.0 w/w% in final 
concentration of atelocollagen. 

Example 1 1 

A gene preparation in gel form is prepared by mix- 
ing 5 ml of aqueous solution which contains a plasmid 
pOG44 (purchased from Stratagene) at a concentration 
of 73.25 ^ig/ml with 5 g of atelocollagen acid solution 
(containing 2 % atelocollagen, pH 3.5); lyophilizing the 
mixture to obtain a sponge; adding distilled water to the 
sponge so as to come be 0.4, 2, 5, 10 or 20 w/w% in a 
concentration of atelocollagen. 

Example 12 

A gene preparation in gel form is prepared by mix- 
ing 5 ml of aqueous solution which contains a plasmid 
pOG44 at a concentration of 73.25 jig/ml with 5 g or 2.5 
g of atelocollagen acid solution; adding 260 y\ or 640 ^il 
of aqueous solution of human serum albumin (80 
mg/ml) to the mixture and mixing them; lyophilizing the 
mixture to obtain a sponge; adding distilled water to the 
sponge so as to come be 10 w/w% in the total concen- 
tration of atelocollagen and human serum albumin. 

Example 13 

A gene preparation in a form of film is prepared by 
spreading and gradually drying the gene preparation in 
gel form that is obtained in Example 1 1 on a glass. 

Example 14 

A gene preparation in rod form is prepared by 
squeeze-molding and gradually drying the gene prepa- 
ration in gel form that is obtained in Example 11 or 12. 



Comparative Example 1 

One ml of culture medium containing 10 9 pfu of 
Adex HST-1 was administered intraperitoneal^ to a 

5 mouse. Then, on about the 12th day after administra- 
tion, the number of platelets increased approximately 
two-fold, and this effect lasted to the 20-30th day. Fur- 
thermore, the concentration of HST-1 in peripheral 
blood was 50 ng/ml and at its maximum on the 20th day 

10 after administration. However, the concentration of HST- 
1 could not be maintained at a fixed level differently from 
the preparation of Example 1 below and HST-1 could 
not be detected in blood on the 60th day after adminis- 
tration. These results are shown in Figures 1 and 2. 

15 

Test Example 1 

1.0 ml of a gene preparation which had been pre- 
pared in Example 1 was administered intraperitoneal^ 

20 to a mouse. Then, on about the 12th day after adminis- 
tration, the number of platelets increased approximately 
two-fold, and this effect lasted beyond the 50th day. Fur- 
thermore, the concentration of HST-1 in peripheral 
blood was maintained at 20 ng/ml beyond the 80th day 

25 after administration. These results are shown in Figures 
1 and 2. 

Test Example 2 

30 1 .0 ml of a gene preparation prepared as in Exam- 
ple 2 is administered intraperitoneal ly to a mouse. Then, 
on about the 12th day after administration, the number 
of platelets increases approximately two-fold, and this 
effect lasts beyond the 60th day after adminiatration. 

35 

Test Example 3 

A gene preparation prepared as in Example 3 is 
administered intraperitoneal ly to a mouse. Then, on 
40 about the 12th day after administration, the number of 
platelets increases approximately two-fold, and this 
effect lasts beyond the 60th day after administration. 

Test Example 4 

45 

A gene preparation which had been prepared in 
Example 1 was administered intraperitoneal^ to a 
mouse, and the gene preparation was taken out on the 
third day after administration. As a result, on about the 
so 12th day after administration the number of platelets 
approximately doubled, then decreased and returned to 
the normal level on about the 25th day after administra- 
tion. These results are shown in Figure 3. 

55 Test Example 5 

A gene preparation which had been prepared in 
Example 1 was administered intraperitoneal^ to a 



6 



11 



EP 0 844 004 A1 



12 



mouse and the gene preparation was taken out on the 
third day after administration. On the 20th day after 
administration a gene preparation which had been pre- 
pared in Example 1 was administered again. As a 
result, on about the 12th day after administration the 5 
number of platelets approximately doubled, then 
decreased and returned to the normal level on about the 
20th day after administration. Immediately after the sec- 
ond administration, the number of platelets again 
increased approximately two-fold, and this effect lasted w 
beyond the 40th day after the first administration. These 
results are shown in Figure 4. 

Test Example 6 

15 

Each of 5 gene preparations which had been pre- 
pared in Example 10 or 1 ml of culture medium which 
contained 10 9 pfu of Adex HST-1 and was completely 
free from collagen was administered intraperitoneal^ to 
a mouse. The concentration of HST-1 protein in periph- 20 
eral blood was determined on the 5th day after adminis- 
tration. The results are shown in Figure 5. The data 
show that the serum concentration of HST-1 protein 
deceased with increasing concentration of collagen in 
the preparation. 25 

Test Example 7 

As a result that 1 ml of culture medium containing 
10 9 pfu of Adex HST-1 was administered intraperito- so 
neally to a mouse, the number of platelets approxi- 
mately doubled by the 12th day after administration, 
then decreased and returned to the normal level on 
about the 35th day after administration. On the 37th day 
after the first administration, 1 ml of an atelocollagen- 35 
containing gene preparation which had been prepared 
in Example 1 was administered again. Immediately after 
that, the number of platelets increased approximately 
two-fold, and this effect lasted throughout the remaining 
term of the experiment. These results are shown in Fig- 40 
ure 6. 

Comparative Example 2 

One ml of culture medium containing 10 9 pfu of 45 
Adex HST-1 was administered intraperitoneal^ to a 
mouse and again administered on the 37th day after the 
first administration. As a result, on about the 12th day 
after the first administration the number of platelets 
approximately doubled, then decreased and returned to so 
the normal level on about the 35th day after the first 
administration. Platelets did not increase after the sec- 
ond administration of Adex HST-1. These results are 
shown in Figure 6. 

The results in Test Example 7 and Comparative 55 
Example 2 reveal that it is possible to administer a gene 
preparation prepared in Example 1 repeatedly in con- 
trast with the result obtained upon repeated administra- 



tions of an adenovirus vector not formulated according 
to the present invention. The inability to make a 
repeated administration is due to the appearance of 
neutralizing antibodies. 

Claims 

1. A gene preparation comprising an intended gene, 
wherein said gene or a vector inserted with said 
gene is incorporated into a carrier made of a bio- 
compatible material. 

2. The gene preparation according to Claim 1, 
wherein said biocompatible material is selected 
from the group consisting of collagen, gelatin, fibrin, 
albumin, hyaluronic acid, heparin, chondroitin sul- 
fate, chitin, chitosan, alginic acid, pectin, agarose, 
hydroxyapatite, polypropylene, polyethylene, poly- 
dimethylsiloxane, polymer or copolymer of glycolic 
acid, lactic acid or amino acid, and a mixture of at 
least two of these biocompatible materials. 

3. A gene preparation comprising an intended gene, 
wherein said gene or a vector inserted with said 
gene is incorporated into a carrier made of a bio- 
compatible material containing collagen. 

4. A gene preparation comprising an intended gene, 
wherein said gene or a vector inserted with said 
gene is incorporated into a carrier made of colla- 
gen. 

5. The gene preparation according to Claim 1, 
wherein the content of said biocompatible material 
in said gene preparation is 0.01-25 w/w% when 
administered into a living body. 

6. The gene preparation according to Claim 1, which 
is in a form of a solution, suspension, water-con- 
taining gel, film, sponge, rod or sphere. 

7. The gene preparation according to Claim 1, 
wherein said vector is selected from the group con- 
sisting of a virus vector, a liposome vector and a 
fusogenic liposome vector in which a virus and a 
liposome are fused. 

8. The gene preparation according to Claim 1, 
wherein said vector is a virus vector. 

9. The gene preparation according to Claim 1, 
wherein said vector is an adenovirus vector. 

10. A gene preparation comprising an intended gene, 
wherein said gene or a vector inserted with said 
gene is incorporated into a carrier made of a bio- 
compatible material and said carrier is contained in 
a vessel through which said gene vector or said 
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gene can penetrate. 

11. A method for treating a living body with a gene, 
which comprises the step of administering a gene 
preparation comprising an intended gene, wherein 
said gene or a vector inserted with said gene is 
incorporated into a carrier made of a biocompatible 
material. 
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